Abstract -The onset of penetrative convection in a variable-viscosity flow bounded by slabs of finite thermal conductivity and finite thickness has been investigated by means of linear stability analysis. The relationship between the viscosity and the temperature is assumed of exponential type. The asymptotic solutions of the long wavelength, for small values of the conductivity and thickness of the solid, are achieved. The values of critical Rayleigh numbers for different values of thermal conductivity ratio and viscosity parameters and, consequently the critical Rayleigh numbers at which the onset of convection starts, are computed analytically. The effects of various parameters (namely, viscosity parameter, thermal conductivity ratio , depth ratio and the presence of internal heat source strength on the onset of stationary convection) are computed analytically and depicted graphically. It is observed that both stabilizing and destabilizing factors can be enhanced because of the presence of a heat source, thermal conductivity ratio, depth ratio, and variable viscosity .As a result, it is possible so that to postpone (or advance) significantly the onset of motion.
I. INTRODUCTION
It is well known that the temperature dependence of fluid properties in flows with heat transfer can change the flow behaviour: especially its stability characteristics. For most of the realistic fluids, the viscosity shows a rather pronounced variation with respect to temperature, as viscosity is more sensitive to temperature than heat capacity and thermal conductivity.
Rossby [1] computed the values of viscosity and thermal conductivity for water between 20 and 25°C and observed that the variation in kinematic viscosity is approximately 10 % between 20 to 25°C, whereas the thermal conductivity of water varies only by 1.5%. Torrance and Turcotte [2] noted that the viscosity of fluids decreases with increasing temperature, whereas a reverse trend is observed in gases. In recent years, many authors investigated the influence of temperature dependent viscosity in the problems of Rayleigh-Benard convection. Booker [3] has studied Rayleigh-Benard convection with strongly temperature-dependent viscosity. Booker and Stengel [4] have shown that there is a decrease in convective heat transport due to the increase in the critical Rayleigh number with variable viscosity. Early studies related to the convection in fluids with temperature dependent viscosity are those of Palm [5] , in which the linear dependence of viscosity with the temperature is adopted, and of Stengel et al. [6] , in which they considered viscosity depending exponentially on temperature.
Jenkins [7] considered the general dependence of viscosity on temperature and studied both linear and exponential dependence of viscosity, and he concluded that the linear dependence is realistic for fluids with small values of viscosity, whereas exponential dependence is more realistic for fluids with high viscosity. Recently, Dhiman and Kumar [8] investigated the onset of stationary Rayleigh-Benard convection with variable viscosity for all combinations of rigid and dynamically free boundaries using the Galerkin method and concluded that the positive values of the temperature-dependent viscosity parameter have a stabilizing effect on the onset of stationary convection, whereas negative values have a destabilizing effect. Many other authors, who include Selak and Lebon [9] ,Nield [10] and Straughan [11] , have also investigated the onset of convection for the ordinary fluids with strongly temperature-dependent viscosity. Palm [5] discussed the effect of a variable viscosity on the Benard convection problem and, from the observed results, he explained theoretically that the cells in steady convection © 2018, IJCSE All Rights Reserved 42 approach a hexagonal form, and the occurrence of ascent or descent in the middle of the cells depends on how the viscosity varies on the Rayleigh"s result. Stengel et al. [6] compared Palm"s results [5] with those arising from the selection of an exponential viscosity variation law. Further, this problem was also studied by Busse and Frick [12] for low-viscosity fluids with a linear dependence of the viscosity on temperature. According to Solomatov [13] , when the viscosity ratio exceeds 3000, a stagnant lid regime occurs, where a thick cold boundary layer develops at the top plate. Such regime was observed for , a R up to 108 by Davaille and Jaupart [14] .
We examine the linear stability of variable-viscosity flow between slabs of finite thermal conductivity and finite thickness due to an applied pressure gradient in the presence of an applied vertical temperature gradient and uniform internal heat source. We believe that this problem is paradigmatic to the very general problem involving the interaction between a nonuniform applied temperature gradient and a variable-viscosity flow. The results are relevant to current industrial applications involving chemical vapour deposition or the cooling of electronic equipment; see e.g. ( [15] [16] [17] [18] [19] ).
The objective of the present study is to investigate the influences of the varying viscosity with internal heat generation between the solid plates of finite thickness and of finite conductivity. The linear stability theory is applied and the resulting eigenvalue problem is solved by analytically using regular perturbation technique. The critical Rayleigh number 
II. PHYSICAL CONFIGURATION AND EIGENVALUE PROBLEM
The system under investigation is shown schematically in "" governing equations for the fluid and the solid layers are "" :
Solid layer   0 and The basic state is quiescent and is of the form
The basic steady state is assumed to be quiescent and temperature distributions are found to be 
Using these scales, Eqs. 2-4 can be transformed to the following dimensionless form: 
and substituting them in Eqs.
    9 11  (with 0 t    ), we obtain the following ordinary differential equations
The boundary conditions are:
Here, 
III. LONG WAVELENGTH ASYMPTOTIC ANALYSIS
The solution of the governing Eqs. 14-16 and boundary conditions Eqs. 17-20 is obtained using a regular perturbation technique with wave number a as a perturbation parameter. 
First-order equations are
The boundary conditions are
The general solution of (30) is   
IV. RESULTS AND DISCUSSION
Thermal convective motion of fluid with internal heat generation and variable viscosity affected by walls of finite thickness and of finite conductivity were investigated by the linear analysis. The variable viscosity was assumed of exponential type. The resulting eigen value problem is solved analytically using a regular perturbation technique with wave number a as a perturbation parameter. The marginal stability of the system considered in this investigation is given by equation "" (36). "" We can check this formula against known results for the following limiting case:
In the limit 0 Q  and 0 B  , equation (36) 
